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£ 3J-*M IS. g.*}5\^ ^-o]s€Ss(pyrochlore)-S-i- 5fe e)eJ- 

I? ^~§-, til^S wVnV ( n £ Aj- 7 1 a]^H 

l^E^r ^ti}^ #3^# ^fl -g-^- *>£*)] ^SflAlE^, H^^j^Ei ^ O^*- 

-8* £jl safe <13, #3^1 e]eHt ^ 

DRAM ^ ^ *r &4. 

Bi 2 (Ti 2 _ x Si x ) 0 7 -y 

x^r 0.8 1.3^ ^o]jl, -1 ifl*] 1^ ^o]cf. 

£ lb 
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Hl^H ElEf^ tiji^E E] Ef--g- A)e]S «VuV g n ^Wj- 

^{Bismuth titanium silicon oxide, bismuth titanium silicon oxide thin film and 
preparing method thereof} 

£ lb-c^r -g- ^^Al^s-ofl tq-s. ^3flA]&|<4 E^flxl^l- *fl-g-tr *U-£E| 

^a>2] ^si- 7fl^ M-e}\£ 

i 2^r ^-^5] ajaH i-3ofl n}E} Bi-Ti-Si-0 , £j£ 

S. 4-6^1 4# Bi-Ti-Si-0 Bi 

I CP-AESC inductively coupled plasma-atomic emission spectroscopy) it- ^l^-'s}^ ^-^tr 
H-BfHfi ZLSflSolJl, 

£ 4^ £ AjAlofl so]] 45]- Bi-Ti-Si-0 SIMS(Secondary Ion 

Mass Spectrometer)* ^ €^1- 4^ H^lJL, 

H 5fe aJaH 7<H1 4^ ^3fl^Ei^l $a<>H, Hl^E-E]E|-^- 

Bi-Ti-Si-0 X-^i sl€(XRD) ^ 14# S^^i, 
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£ 6a-b^ £ ^aH 7^ 44 *fls*l Bi-Ti-Si-0 # 

Efl# 44\3 SEM(Scanning Electron Microscope)^°l jO. , 

£ 7a-b^ £ 7<H1 44 £J #713 «M§-§- 44^ n.^o] 

£ 8£ £ 1^4 -£*H1 8^11 44 Bi-Ti-Si-0 W4 44^ ^ 

S. 9a-b^ 1^4 9«^1 44 *H^€ Bi-Ti-Si-0 ^44 <1^2l3l4- 1*1 

4^ A o >E fll- M-^r^fi SEMCScanning Electron Microscope)^ 0 ! 3., 

S. 10a-b^r 1^4 4a AH gofl ttfel- tHa^s} ^ 7 ]^ q-tq-ufl zisflsol 

4. 

£ lla-bfe 1^4 7ofl 44 Bi-Ti-Si-0 444 ^4 ^ a]^ 

51 TEM 4314 STEM-EDX* °l-8-«H £4tr rLeflH44. 

£ 12^ 1^4 7<*fl 44 *H^€ Bi-Ti-Si-0 4"44 ^ ^4 -fKftr 

A 2 B 2 0 7 or A 2 B 2 0 6 Z4 ^^^t JE^tr 3H4. 

10... Hiffl4^4 11... ^Sl§. 7]^. 
12... <3°4 13... 7(1 ol M ^ 

14... 7flolE ^034- I5 a ... ±^ ^ 

15b... =efl°J *l^r 16.. 4%^ <g<* 
17... iJfl«H 18... ^Hr^ 
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19... 20... 

21... ^sfl^lEl 22... SHH 2 -^: 

<22> -g. tij^E E) ojg. ^ til^H E] E]% a].^ 

o. a] ^ ^^Hj-^ofl o_g_X\ ? ^cf -^g^Sfe -2^3 *HJZ.fc) ^ 

SJ|A)E^ ol-g-7>^*V JL^r^ £fc Alfl-tb E|EHf 

Af^Sf, o)sL 0}^0]^\ Hl^E ^£]§ ^f- ZL £ 

^•7] Hl^JE EjE^ ^e]^- <L>2}-# w}-nV-§. *1 E^iE] ^ oj-S-^ 

^OJ- Zj-o}*]^. o^cf. Uj-BH, ^€ €• ^^-g-^* 7>X1^ Ti^Ell- 

71 ^^i^-ol ^ 7) s|J A] E| -B-^^ll- A>-g-^^ #7-7} Tfl^r °)^tr 

^S. #5fl<^l A>^-£)ia S i0 2 , Si 3 N 4 ^ ^-§-0] 3. ^ 

# ^-Aj-oi^^aO), vaj-f- ElEHr S. (BaTi0 3 ) , iH^-fl- E)eBt ^oi;Ei(SrTi03)2f 

<24> ZL&m, *1 a) ^ O] CfZl ^e}£ 3*r€ -T 2 -^* 

*H*M ^.a.*! ^*!H^r M0CVD(metal organic chemical vapor 
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deposit ion HM- ALD(atomic layer deposition) y cHM °l-§-^4. ^fi^l, H o v 

<25> ^-#*V Jl^-^^: #^ ^, tij-f- ^-A>olc(BaTi0 3 ), iS^f- eI^Ht ^ A f°l 

= (SrTi0 3 )^r ^71^ ^ 5L^tH ^^>7l7} ^#^<?> oH^, 0.5L 

<26> 4>7l = Ol-g-^c^ jl^fe ^7l<?M- ^SflA^ JI^A-] 7 j , 

^S)o]o> ol* H a^ Aj^Efl ^ ^-ti]7> JL-^o])*) A>-g-£)cH ^ ^ 

^-f , ^ ^^-g- z>Efl^ -g-«a«(single cocktail solution)^!: 

*fl^Fe , ^11- Se^s^o} ^ o>^^o) x^>^^ S-^^M 014. 

<27> M. if^oj 01^^ ^ ^ 7] ^^ -^1^^- 

<28> ^ Tgxgo] o)s -^^ ^ ^ ^ ^ 7l#^ 4^1^ <#7] Ul^E ^EHf 

0]^*] tivpi-j2]. ( on- afls^H ^ *m^9in *\)^} 
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<29> £ rgxgo] o}^jlx} t}^ ifl ^ y}*fl g ^ ^ ^ 7]^ J^lfe #7] 

^Jf J= EIeRt tiVnV^- o]^}^ ^71^ SA^ol -f^^V «V£^1 ^ 

<30> Aj- 7l 3} ^ 7 ]^^ 01=71 £ ^ofl^^, ^Al 1S _ S Al5lcl 

<31> ^^j-^ 1> 

<32> Bi 2 (Ti 2 -xSix) 0 7 -y 

<33> ^7]^, 0.8 tfl^l 1.3^1 ^olJl ( y i=- -1 vH^l icq ^ol4. 

<34> igj-igoj 3= 71 3}-^l# 01^-71 ^*>^ 1S 

-^M- 5fe til^if E ElEl-^- ^El^- #^-2r £#*Kr Wl^S-ElEl-^-^51^- 

<35> <5}-*]-X} 

<36> Bi 2 (Ti 2 -xSi x ) O7-Y 

<37> ^"71^1^, x^r 0.8 1.3^1 -1 vfl^l 1^1 ^olcf. 

<38> £ Mj^ol ^ ^*fl 7l^^ oMl^r (al) tl]^3H£ ^r^7l^H^, Wl^rS ^ 

, ElEl-^- SElTlA-l ^ =^^21 7l5l-7l^o11 7^ 
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<39> (bl) %7) 71 « a^<^] #2W?1 ^7>#^§- ^A]7]tt #7)1# a 

■b- M^sl ^l^^^l 

<40> <2|-tj-^ 1> 

<4i> Bi 2 (Ti 2 -xSi x ) 0 7 - Y 

<42> #7Hf\ xfe 0.8 vflX| 1.3^ ^°lJL, y ^ -! xjj\7] io\ ^o]v)-. 

<43> 4>7l (bl) °}$.°\}^, ^7} 71* S^ofl *M 7}if ^^1^>^ *3^4r # 

<44> ^7] (bl) ^Tfl ol^ofl, 1^5l*Rr #3l» Cl X« ^ ^7H1A-1 <g^ej 

^Xlfe 500-800°C ^S. ^^HH, &$7) , 1:%^ 7}^ &#7] SE^ ^f>} 

<45> ^-71 (al) #3)3 til^E SBlTlA-l, EjE^ =B]?H ^ ^5l€" = Bl?H3 £^ 

^ <^1 ^(DLI) «<HH1 3*H 7l^-7HS *#S|fe ti>^*>Cl-. 
<46> ^7l (al) ^"TlHlA-1 til^E 2.iH?)X\ t El E]- ^ S517H ^ .g^S ^T^o} £ 

Wl^M = 3l?H, ElEl-^- ^ ^51^ ^S1t4a4 7 > ofl ^W^S.*^, 

< 47 > #7l (al) ^T^l^l alAV^ ^7l7>, -fr^ 7}^«fl o^o^cf. 
<4 8> #7l (al) #7)13 ali-^S Hel^H^ Bi(MMP) 3 

{Tris(l-methoxy-2-methyl-2-propoxy)bismuth} ( Bi(phen) 3 (#, phen€- 2)1^711- t-J-eJ-vH 
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4), BiCl 3 5. o]sp.6\ji Ajefls] 31-4 0 1^°U, Ti S^tHtt 

Ti(MMP) 4 {Tetrakis(l-methoxy-2-methyl-2-propoxy)titanium}, TiO(tmhd) 2 (^:, tmhdfe 
2 > 2,6,6-tflJE^l^^E]--3,5-4^tiloiE(2 ) 2,6 ) 6-tetramethylheptane-3,5-dionate)# 4 
e*HS4) Ti(i-OPr) 2 (tmhd) 2 (£, i-OPr^r o^ag^lS M-Eftflcf), Ti (dmpd)(tmhd) 2 ( 
dmpd^ '^HM^iKdimethyl pentanediol)-§- 44-^4), Ti (depd)(tmhd) 2 (^:, 
depdfe 4^1^ ^^(diethyl pentanediol )# 4e}\H4), TiCl 4 5. ?A1t 
4 ^€ *|-4 o]a o vo]jl ; si Hel^H^ 31M^lli^S^i^HS(TEQS) ( SiCl 4 ^ 

<49> #7] (bl) #31^ #£ L> ^ 2fe ^7)d\) 2)-&}ol o}^6\^. 

<50> £ ^ ^ 7 ] # ^ ij.^- (a2 ) aV-g-71 ^ ^71^ n_V=^ ^ ; 



4 afliU-^H ^^H °1^<H*14. 



<51> 



(b2) #7l Hl^H jES}?^, E^Bf^- iELEl?H ^ Aj^S sr^A-^ ^f-^ H> 



<52> 



<2j-t}-A] 1> 



<53> 



Bi 2 (Ti2- x Si x ) 0 7 -y 



<54> 



#7]*J^, X^r 



0.8 1.35] ^oIji, y i- -1 tflx) 1^ ^o)cf. 
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<55> %7) (b2) o)3r.6\]^ #7j]Ja ^ 3£^*>7lH *r4. °1 l^^lfe 

500-8001: ^^HH, ^ &$)7], 7>>b ^^7] Sfe ^ S^HW 

<56> #7] ( a2 ) A>^ ^-^7l7> =^7H1 ol^^lxq-. 

<57> -3-71 (b2) Sel^A^ ElE}^ = e]?H ^ ^tH*} 

l-o] 33 ofl^ ^(DLI) y o v ^°fl 7] 21-7] (vaporizer) ^sl^ «f^^*V4. 

<58> ^>7l (b2) #7lHH ireMAi, ElE}^- 2S]?H ^ Aj ^ s n^^fi] ^ 

^t-g:, Hl^S lEttl^H, ElE]-^ ^ xr^A-^} «fl #^-^^r , 

<59> -g- tfl 71 

<60> a^. ^ A^ofl ^£ g.X\5\v) S\-C)^^^ 

ElErB- ^21^ ^#3- ol^^l -H-^^nl-; ^ Aj-71 -ft^l^ tfJjLofl tgA$Q #JjL 

<61> <Sj-«f-^ 1> 

<62> Bi 2 (Ti 2 -xSix) 0 7 - Y 

<63> ^-71^^, x^r 0.8 ^*1 1.351 ^oIji, y i- -i tfl^l l*} ^olcf. 

<64> t^s} tj-jj 4^1^ 3^-; 

<65> jcfifl ol 

<66> AV7I #^r ^511 «y *}°H ^-1- 7l^r; 
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<67> #71 <3<3 ^<H1 $^5W 91 Jl, S*"«H IS S^SH sM3.#3.S/tf* 

<68> ^7} TflojH ^o^Bj- #OjLofl *g#4g TflojE £f5^ 3* ^ # 

<69> <5)-^-<i} 1> 

<70> Bi 2 (Ti 2 - x Si x )07-Y 

<7i> #7l#fs xfe 0.8 ifl^l 1.3^ *r°lal f y^r -1 ifl*l isj *r°\ty. 

<72> i^o] 71^^ 4^1^ W -*7l ^ ^ ^HM 3* 

«H is x^si^ tii^e e| Bf-g- ^e}^ #41-5. -6-^]^;' S3 ^"71 

<73> ±^ £^J #71 ^ #^.-4 c^o] ^ A>o]ofl ^<^# ^> 

fer 71^-; #71 ^ #^-ofl 5}-fH IS. SM3.§3.3# 

& tij^E ^§ #5^-5. ^l^^l 7flo]E ^ ^"71 TIMS g 

#^.ofl Til o]e i^H € M^I^e^ ^B«^ ^q. oi#o- ^fl-g- 

<74> <§}-t}-# 1> 

<75> Bi 2 (Ti 2 -xSi x ) 0 7 - Y 

<76> #7H#, x^r 0.8 ^fl*l 1.3^1 ^°lJL, y^r -1 1^ ^i}. 

< 77 > ^7.} ^§1 tHvflnl ^ ^o] ^O] q^^Cf. 
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<78> £ ygxg o_ 2(-o]S.s S a( pyroch l ore ) ^ 1S _ &X\S\^ JL-^-^# 

*ll^tr4. 
<79> <5}-^VAl X> 

<80> Bi 2 (Ti 2 -xSix) 0 7 -y 

<8l> #44fS x^r 0.8 44 1.34 ^ojji, y ^ -i ^ojcf. 

<82> AV 7 j ^.Sj-Al ^ ti]^-E E) 4 13" *3s]-S A}s}-1-( o] ^> , "Bi-Ti-Si-0"5- 4^44S. 

4oii fS H $^4^ ^}^r 4^-4 4^°H 4*H ^<?144. 

<83> 5. 54 XRD Bi 2 Ti 2 0 7 4 XRD 5fl^4 45-44^ (JCPDS card 32-0118 ,Jour. 

Cryst. Growth, 41, 317(1997)), £ llb°fl 1144^ HRTEMCHigh Resolution 
Transmission Electron Microscope) 444 jk°] €^ AA ^4 
^44 £ 11a °\) 444 44 £4 444 ^4°fl 4*11 444 

¥^1 ^^G-S. 4^^- STEM-EDXC Scanning Transmission Electron Microscope-Energy 
Dispersive Spectrometer) 4 ^ £4 ^44 44<3 444 3°! "oH^S. Bi,Ti,Si4 
^ 4°l^€^s 344. 

<84> sH^-a^s ^(A 2 B 2 X 7 or A 2 B 2 X 6 Z ,°H A4 B^r <#°l£r4 444^1, X4 Z^ 

^S-ol^-ofl Sfl^Jfe ^ ^4^4, £ 12°fl Ji44^ 44 (BX 6 )n- 4^^1171- ^ 
4^4A5. ^44 A °<M££ 34 4:4(interstices)4 ^44tt ^4^- t 1 ^ 

44 &4. (Jour. Appl. Phys. , vol. 51 , No. 1(1980)) 

<85> £ i2^r ^4 ^4 4 74 44 ^1^^ Bi-Ti-Si-0 444 £3 ^4 
A 2 B 2 0 7 or A 2 B 2 0 6 Z^ ^^S* £^5lt> 3^4, ^%44 ^ A <#°1£4 
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444^, J±444 7-7} B #°l£-44, 3^44 4^44 zjl 7> 6.ol^- x or Z<^1 44 
t>4. 

<86> ^>7l 444 14 Hl^E-^-^Sl^ ^>4#£: ^§-#3*1 A 34 4^-8: 4 

4-§r 4 1 &4. ^l* #4, M0CVD(metal organic chemical vapor depostition) , 

1r4(Atomic Layer Deposition: ALD), ^}°}^\ lr4(Pulsed Laser 

Deposition: PLD), £4 *8 °H4 ^4 (Molecular Beam Epitaxy: MBE) ^4 HhH-g- 

<87> ^x^, ALD^°fl 444 Bi-Ti-Si-0 44* M4tt 4*J* 4-8-4 ^4. 

<88> «Vn]-g. «g^«|.jL4 4fe 4*, 4 71 E^S 4^44 7} ® £ 

£t ^44^3. 4^4 A l7J4. 47W4 7 1 # ^51^ 150 44 700 TC , 250 44 

500°c4 44444. 44 ^£7} 150 "C 44"?1 ^-f°ll^ ^£7> 44 
* £4 *4^l, 4^ 44* 4^14 4-&(carbon) , ^(chlorine) ^4 
o) *fl444 444*1] 47fl 44 ^-4 43J 7^f# ^efl^ji, 700°C» ^4 

*Rr ^-f^fe- 4^-44 M^4 ^4?ll H44 £4 ^4 4tW4 44* 4 

^4 ^-g-*v ^7i<a-a- 4444 *4t11 44 44 a ^ 2E(igf£) 444 #§-tb # 

714* 7>44 £4 4^4 ligaiutfl 4*11 44 carbon^ 4 l-^l^l 44 44 44* 
ssfl44 44344 *44. 
<89> -8-71 7}%-Br ^*144 ^s)fe ^ 444, ^434 °fls.4, Ru/Si0 2 /Si 7l « 
Pt/Ti/Si0 2 /Si 71^-a- l- ^ $U4. 
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<90> o]6)*\ t 7j.A f ol-g-^-O^ HlAV^ &3)7)sL °1 *4| 7>^S. 

o]-H^. 7 >^, 7}^ *§~$ °1#SH, °1# 1-%^ 7}+°) -fr^ 100 xfl*l 

300sccm<y ^^5>cf. l-«-^7>^ -fr^o] s$ 7 ) ^^1- 9Jo^-^ X|-S|-7h£: ^ 

W ^ *#<H # ^-f W ^7414 = 3?H S3 #314^ #3*}7> ?M Tfl a> 
^-7] (reactor)^ 4i*r7fl <£^<y ^7l7> %%<*\2\ tf> 

<9i> zl -s-, Bi-Ti-Si-0 ^ ^^-g- ^s)7H £tH-£- 7] S)-7] (vaporizer) ^3. 

300°C, 200 tfl^l 250°C3 ^sItt ?H <g^^ <§^-*j 7 ] 

3^1*1 *r Bi-Ti-Si-0 ^ ^-g- »s|?H ^^"1-^ 

0.01 tfl^l 0.3 cc/min?! af^^cf. ^-7] 7}s\-7}^ ^£7]- 170°C d]^!^, 

^ ^7]<£-Qr ^*>7fl ^*Hr ^ S-el^A^l- 7l^)l^-Bfl5. ^1"^7> & 

Jl, 300°C# S^tH -^tg^ <g^^^ o.^ 7 |. oi^, ^ ^ o. 

<92> #7) Bi-Ti-Si-0 ^ ^^-g- ^-I^Ml ^tr^Tr 

0^4. ^^l^o] ofls>H, (bubbler )# *r-§-*H u o v ^ , DLKDirect 

Liquid Injection) 1 ^ <>l-g-SHr ^ °1 <^7HH DLI « 0 v ^^r Bi-Ti-Si-0 W ^ 

^"-8- 5L^?H-i- -g-^i 33 i^i- 4o. ( o]s.^- Aj-^cflA^ source* 

7lSfA)7l7l S^TlA^m ^-71^-nflo^ 7 1^£ ££*H 
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*l 713-713. 3^ 71^-Ja = -f^l-g-nfl-I- £-g-7l (reactor )3. 

<93> Jf 7 M DLI ^-i- °l-8-*Hf ^ wB^tNl, ^ W 

<^ -M^Sr^, ttll-ei* °l-8-*Hr 4^-^ Bi-Ti-Si-0 ^ ^^-g- SslTl^ 

^-71 ?i DLI °l-8-*r^, = ^ 3*1 £ 

<94> 4V7I Bi-Ti-Si-0 ^ ^-8- SBl?H Bi =bJ?H. Ti S£|7H ^ Si 

H5l7l^# -g-uflcll ^^Cf. <^7H1^ Ti^ ^e|7l^o] ^-e^ Bi 1 

^ 7l^O.S. 1 Lfl*l A>^J1, Si *Sl?H<J) ^o. Bi 1^ 

7l^o.£ *H 0.5 ifl*l 3-§-# A>-g-3V^ ?H H>^-3)^>4. p>^= Ti SL^tH^ 
A J-7l ^ "l^l^ Bi7 |. ^-rfl^^- ^ro] tiV^ fg^ 5^ ^ ^-Efl7l- 

3. -IRH T^SH «>^^1 ^>4. ^ Si SelTl^^ njuVo] 

H7> ^ol^Jl, ^7l^A3 ^l-SM 4^-3)^1 

<95> 4I-7I Bi ^e}7H3.^ Bi(MMP) 3 {Tris(l-methoxy-2-methyl-2-propxy)bismuth>, 

Bi(phen) 3 C2:, phen^r ^7)* M-E^tf), BiCl 3 *§~& °l-§-*>ol, Ti S^tH^ 
Ti(MMP) 4 {Tetrakis(l-methoxy-2-methyl-2-propoxy)titanium}, Ti0(tmhd) 2 (#, tmhdfe 
2,2,6,6-tll3.5l-^ll^^-3 ) 5-iq^.v|lolE(2 > 2 > 6 > 6-tetramethylheptane-3 ) 5-dionate)-i: 4 
BfW) Ti(i-0Pr) 2 (tmhd) 2 (#, i-0Pr^ °1 ^3.^711- M-^W) , Ti (dmpd)(tmhd) 2 ( 
dmpd^ 4 ^1 €^1^4 ^(dimethyl pentanediol )-|- M-EfW), Ti (depd)(tmhd) 2 (^:, 
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depd^r cH! ^€^#(diethyl pentanediol)^- M-EN14), TiCl 4 %~£r °l-§-^, Si 
EflSE)-^^^.ss.^e)7l]ol^(TE0S), SiCl 4 ^ °)-%-^. 

<96> ^-71 -g-^fl^ B i Ti JE^tH, Si SEl^H-i- S\^}7]^ ^ 5Utt 

7^o)^ ^*}7]) A)^^: oVMx]n>, ofl^A>o]^ S ^lA]-(C 8 H 16 : o)*} , "ECH"5L 

-g-*fl^ Bi S^tH, Ti H^tH, si SeWi-i- ^-o.^- se]?H iflcfl 

^ z]-^ -^£7]- 0.04 tfl^l 0.21H J^£^- ^ y^o) u}Qz\?>}t%. 

< 97 > go) t Bi-Ti-Si-0 W ^^-8- E^tH ^^-^ 7)$; 

?A ^h, 71^- S.^) 1# 3^ #7]jl, Bi-Ti-Si-0 ^ ^-§- = 

^#£r S-SHd 7>i* oj^H 3t)*l*H *fl^4. 7 }i^ 
o. ^o. ^ ^ ti ] =d] 7}^^m, ioo ifl^l SOOsccm^ 3W ti}^-2]5>jL, 

tiV-§-7lifl ^(working pressure)^: 0.5 10 torr^I ^^1-4. 

<98> zl ^, 7]* S^ofl Bi-Ti-Si-0 ^^-8- ^ 7>i 

* ^ #2M^ €*}^4# Bi-Ti-Si-0 S^-a- <^7HM a> 

# 7}ilfe ^(0 2 ), -$-#(0 3 ) S£fe ^#7l(H 2 0)» °l-g-sM, o]s.^ -H-^ 100 tfl*l 
300sccmt! «>^*)-4. 

< 99 > 7>^ Bi-Ti-Si-0 ^ ^-g- He)7H 5-% ^ 

^ 7^ ^ AV^- #4*3 0.3. *Ja1*H 42-^ Bi-Ti-Si-0 
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£^4. °14 *M Bi-Ti-Si-0 444 50 44 300A1 34 4^4^ 

, ^-#-§:€r 100 44 200 ^£-44. 

<ioo> Bi-Ti-Si-0 44 Bi-Ti-Si-0^} ^4 4 -fr# 

-t- ^ 44^§- <^7l fl*H ^ 1*13 4 41 514. 4 «fl 1*1 

51 £r5^r 500 44 800*C^al, 1*1sM*r£ 1-3Q&°] JL, 1*1 5} £44^ 7l 
afe ^ &$\7}£. 3^*Kr 4^444. 4 "fl #3^44^- #i(0 2 ), j2-^(0 3 ) 

afe ^7l(H 2 0)# 4-8-*r4 S^«H, ^ 4 0.01 44 lOO mtorr, lf-4 4 

35mtorr<?] 4^444. 

<ioi> MOCVIWH 4*H Bi-Ti-Si-0 44^ <8^*Hr 

£4. 

<i02> aV-g-7) (reactor )iflJf* ^4 £^7lsL 2/$*4. oj tffl ^ 7 1^ ^ 

(0 2 ), .2.^(03), *r^4(H 2 0)4 ^ ^ 7}^-* 4-g-*H S^44, #4 *r3*7 r i4 
■frU^Sr #4 ^ «1 45r 7 r ^44, 100-300 seeing #4 4^444. 

<103> 444, tiVnV^. ^^^^ ±5.3. ^ig^vflS. #^44*14. Ol nfl 

7l#S} ^£(^71^ 44#)fe 300 44 500"C^1 34 4^444. 7l#^ £ 

£7} ^>7l ^-fr *£44^r ^0.0] ^1^^ ALD1H4 ^3 ^-f4 £4. ^4^- 7] 
#5} ALD>?H14 7^-f 4 £4. 

<104> aVjt). ^-^7lS. £b§-4v)H Bi-Ti-Si-0 44 ^^-g- = 4?14 ^l-^-g^r 

4 7l##ofl Bi-Ti-Si-0 44 ^^-g- 5LiiM4 ^444 Bi-Ti-Si-0 44# ^ 
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Bi-Ti-Si-0 ^ ^^-g- SBl?H S^, ^ ^ f"^ 2: 

<ios> 5Etb, ALD^ v\&7\?]£. Bi-Ti-Si-0 W *§^, Bi-Ti-Si-O^ ^s\- 
A. 

<ioe> °1*?H, ^. Bi-Ti-Si-0 ^£ PLD*tHl ^7Hr*>cK PLD ^£r, ^ 

o^ofl #c^a^ Bi-Ti-Si-0 W^S: *r 9X^ ^} °1 

eJ-^J , 7l#, f>]e\ ^<2] iflJjLofl ^-01^7)^ Bi-Ti-Si-0 

a^h yliaa] ^ £51°^ xvs^. av^ *§a^}^ tin ^^.*v ^l^l* *r Sl^-S. 
S. Bi-Ti-Si-0 ^ SXA. °1 PLD^ °l-g-t!: ^*HH 

Bi-Ti-Si-0 ^ aflS^ wvni-oi ^a^ 7 i#<q 250 

600°C^lJl, eflolA-1S.fe ArF elH^CsJ-^: 193nm)» ^-g-^i, 3H*i U 3.7}^ ^=0.3 
crfolJl, 0 2 ^1 7}^ 0.1 tflx] 0.5 torr^lJl, «>^-f:£- ^ 5^14. 

<107> MBE (Molecular Beam Epitaxy)*^ ^*J"8- ^flS *IH^- *r Sa^ «o v 

^o.3.>H, o]<q ^3 ^.g. A^ti^ Bi-TI-Si-0 ^ HBj^HSfe ^ Bi, 

Ti, Si 2 H 6 -ir 4-8-^, 7>^Stt <l>4i SE^r iL^* A>^-*lcf. 
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<ios> tHS, ##tr Bi-Ti-Si-0 ^l-g-*}^ Tlsfl^t- ^2:^- ^ 

Bi-Ti-Si-0 ^-^1 7l\*m ^Cf. a)7)o)}*) Aj-Jf #^£r ^ 

ojef. aj7l<*H -?-31if(Ru), ^-&(0s), °13#(Ir) ^ ^(pOiLS o] 

<109> a. Tg}-Tg6|) 4^ 2} ^ll^t #1^^ ^-Cf. 

<no> n}*}, Bi-Ti-Si-0 ^ ^-§- £1H-§: °l-§-*l-3. ALD, M0CVD, PLD, MBE 

^o) ^^ofl qs). ^a1*V<^ «fl^ £ ^ ^ a^ofl Bi-Ti-Si-0 ^*Mr ^ 

<m> Bi-Ti-Si-0 ^ Aiofofl ^^W. 

<ii2> n 3=1, Aj. 7l °1 343 £ :n-fr 

^*>7] o]^^] A]X|ig- ^£ o^cf. o^7HlA-l JL^ *3 2:^^ 

500-800 °Co)^l, ^eH^ l ifl^l 30&O1J1, l^-gr^l^ ^Vsj-^-^ 
7l(0 2 , 0 3 7>i), lr#Aj ^7l(N 2 ) ^ £-^7lSHH ^7H*1 n> 

^^e] ^-^7l# ^ ^^7)5. 2^*Kr ^.f f ^ <£^£- o.Ol vfl^l 100 mtorr, 
^} ^ 35 mtorr?] nj-5^s}.r4. 

<113> Aj-7] JT^^g. ^Vj *ofl^, <g^5| J^^g. AjAl^-Cf. Oj ^.Aj- 

43 £ 4r^m 4>«. ^«.ofl tg^£ £=$0) ^6\] 7$ o., ^Aj^H 
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#^-4 Bi-Ti-Si-0 ^-^-A>ol^ 7fl^H4 xy± ^ o. <$i$ 7^o]v\. o] 

# 4^ ^JS.^, 1*1 3 ^£^r 500°C 4^*}^ 200-450°Col 

JL, l^eH-^ 10 -60^-o1ji ( £^4^ ^ £^4, ^7] £^7l 2L^r 

£-^4*HH ^4tb4. 

<114> ^*V > Bi-Ti-Si-0 4*1)4^4 TflojE ^<gn]-O.S.£ -fhg-*l->f| 4 

-g- 7 Br44. 

<115> £ ^4 E^^El^r 4^4, ^efl<y 4^4, #4 4^4 2=5fl<?] £ 

^4 444 15- x44tt Bi-Ti-Si-OAs. °l^r44 444, #4 Tfloim *|<S4 
°fl ^4 4°li= 4^h§: ^4*H 

<116> £ ^^^HHl 4^ H^7lA E -joj j£ la o)j 444 &4. OH- %^ 

^4^4(10)tt, ±^ 4^-(15a)4 ILt]}9l 4^(12b) 4°H ^4(12) 

°1 ^44 aI^t ^4€" 44(11) ^HMl 7flo}H (13)ol Wfl444 #7] Tfl 

oJe 4^ (14) SpMfe TflolS ^<£t3V (u)ol t$s§$6\ ol^ ^Hr4. 44°ti4 

#71 TlHH ^^nV ( 14 )0. ^ ig-^o} t^VAl 1S S Al£l^ ti^^E B| E^r A]- 
4# 44°.S 4^44 $1^1, 4^1^ ^4 0 14(17)7V «§^£M &44 Tflol^ £ 
^-(13)4 ^ 4^4 *f#^ Tflol^ ^o|^-(U)-a- Jiis}r tb4. ^ la44 %^ 

#2L(16)£ 4*M§ 44\H4. 

<117> ^- ^6fl 4 # 4*«44 ^/Hl^r l^j^AE^ ^ ^4-o|] 2)-g-^ %[4. 

olejtt 44 ^44 ^444 43.4, 44vflni ^(dram) ^4 ^o] ^cf. 
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<H8> 5. lb-lc^ ^^Al^ofl rrj-s. ^ sfl a] E| (C)£r HL^l^ (Tr)l- ^>-g-^ 

<119> £ lb-lc^l^ (10)£r (11)^ Aj^S ^1 ^-§7 , (12)^ ^£ 

^ <3<3*, (13)^8: 7ti<>m ^d^*, (14)^ 7fl°m ^<£nK§-, (i 5a )^ #^-§-, 
(15d)tt <=3]<y ^-i-, (16)£r <3^, (17)£r ^)H*ll-, (18)£r ^H^^M:, 

(19)^ «^ 13. S^s]^ til^H e}eHt ^Vsj-l-S ^ 4r^l (20) 

£ ^-f (21)£r ^^A)Ei#, (22)^ ^ M-Ef^Cf. 

<120> ol§>, ^>7] ^ H 0flAl*>7lS. £ ^*H1 

<121> ^jAl^] 1 

<122> Bi(MMP) 3 2] ECH -g-^(0.4 mol/L) 30ml, Ti (MMP) 4 ^ ECH -g-°Jj(0.4 mol/L) 25 ml, 

TE0S1- 3.6mll- ECH -g-*fl vflofl Bi(MMP) 3 ,Ti(MMP) 4 , TE0S* ^ 0.06mol/L , 

0.05mol/L, 0.08mol/L 91 Bi-Ti-Si-0 ^ ^-§- S^^^l ^#^§r 

<123> aJ- 7 ] ^eM^ £^-f-§: 7)$-7}°\] DL I (Direct Liquic Injection) y D v ^-^- 230 °C 3. 

■frx\s\JL 7l^-7l<Hl ^is}JL, #eflA] ^(flash evaporation)^?! ^, <£-§-7l5. 
°1**H 400°C £-£3. -n-^lslfe Ru/Si0 2 /Si 7l^Hl ^7F§^ Bi-Ti-Si-0 ^ v 

<124> -*JA]6)] 2 
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<125> Bi(MMP) 3 ^ ECH -g-^CO.4 mol/L) 25ml, Ti(MMP) 4 ^ ECH -g-^(0.4 mol/L) 30 ml, 
TE0S1- 3.6ml* ECH -g-*fl v)H Bi(MMP) 3 ,Ti(MMP) 4 , TEOSt- 0.05mol/L , 

0.06mol/L, 0.08mol/L <?1 Bi-Ti-Si-0 ^ ^.g. sre|7H ^%-9r ^}t\<^r\.. 

<126> ^y] 7}s±7}<*\] DLKDirect Liquic Injection) ty^^S. 230°CS 

-B-*]S)JL 7)^7}°\} ^*}JL, #EflAl fi as h evaporation)^ ^7}£. 

°1^H 400 °C -£r£S ^lslfe Ru/Si0 2 /Si 7)^o\) Qx}^ ^aj-SH Bi-Ti-Si-0 ^ 

<127> ^a], Bi(MMP) 3 ^ ECH -g-^vfl^ ±-s.7\ 0.05 mol/L, Ti(MMP) 4 

3} ECH ^£7]- 0.06 mol/L, TEOS^ ECH -§-^ ^-5.7} 0.08 mol/L^l 3^§- ^1^*> 

JL^r, ^Aja}} ijzf ^^g-f. y^uJofl tcfej. ^A^M Bi-Ti-Si-0 S^-fr ^§f^cf. 

<128> ^a]c^1 3 

<129> Bi(MMP) 3 ^ ECH -g-^(0.4 mol/L) 25ml, Ti(MMP) 4 ^ ECH -g-<3(0.4 mol/L) 25 ml, 

TE0S1- 4ml» £^-«H ECH -g-°fl ^1 Bi(MMP) 3 ,Ti(MMP) 4 , TE0S# A y A 0.05mol/L , 
0.05mol/L, 0.09mol/L 91 Bi-Ti-Si-0 W Se)?)^ ^w]*>^4. 

<iso> ^>7l iElTH 7}^7}^} DLKDirect Liquic Injection) y 0 v ^^-S 230°C3. 

-fr*]£}±L 7)$-7]°\) ^f>}JL, #HflA] ^(flash evaporation)^ ^ ^, ^7}S. 

<>1^H 400V £%E5. Ru/Si0 2 /Si 7)&^o\) Qx}^ Bi-Ti-Si-0 ^ v 
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<131> =5]?H £%H- *fl2:*l, Bi(MMP) 3 5] ECH -g-^S] ^£7> 0.05 mol/L, Ti(MMP) 4 

ECH ^JE7 r 0.05 mol/L, TEOS^ ECH ^£7} 0.09 mol/L<=Q 4^3. 

fe, 14 ^H^] 44 ^Al*H Bi-Ti-Si-0 s^-fr 

<132> # 7 ] 1-30I) 44 afl^ Bi-Ti-Si-0 , ^£0]] 4^. 

Bi-Ti-Si-0 ^^S-l-sl ^51-1- -£ 2°fl 4^534. 

<133> £ 2°\}*\ Bi-Ti-Si-0(Bi rich)^ ^of lofl tfltb Bi-Ti-Si-0(Ti rich)^ 

2 <H1 nfll} 3MJL, Bi-Ti-Si-0(Bi:Ti=l:l)^r ^11 3°fl tfl^ 3M4. ojf ^ 

^S, Bi^ ojzo) Ti^ <g=6fl v]-s}c$ ^^±3. ^-f , Bi-Ti-Si-0 

^7>7> ^#51^51, Ti^ <£o| ^ Bi-Ti-Si-0 ^7>^ ^Tfl ^#51^ZL, 

7l« ^r-E^i 4€- €^-71- ^Cfl^j O.S 4 711 M-EfM- ^7f# #Alofl 44 4 

<134> -^Ajofl 4 

<135> Bi(MMP) 3 ^ ECH -g-^»(0.4 mol/L) 35ml, Ti(MMP) 4 ^ ECH -8-^(0.4 mol/L) 25 ml, 
TE0S* 3.6ml# £^-*H ECH -g-nfl iflcfl Bi(MMP) 3 ,Ti(MMP) 4 , TE0S1- ^ 0.07mol/L , 
0.05mol/L, 0.08mol/L 91 Bi-Ti-Si-0 ^ $^-g- ^w]§}cg4. 
<i36> #7] = ^#-g- 7]^-7]ofl DLI (Direct Liquic Injection) « 0 V ^ 230°CS. 

-B-^lslJl 7l^-7H ^-g-SKn, #2flAl f^K flash evaporation)^^! «V-§-7lS 
400°C f£S -fM33r Ru/Si0 2 /Si 7l#^H Bi-Ti-Si-0 ^ 
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<137> «B]?H *flS>M, Bi(MMP) 3 ^ ECH ^£7> 0.07 mol/L, Ti(MMP) 3 ^| 

ECH -g-«^ ^£7} 0.05 mol/L, TEOS^l ECH -g-^£| ^£7> 0.08 mol/L^ ^1^*>j1 
^, ^Hl 14 ^Utr ^IH ^ 4H*H Bi-Ti-Si-0 3H]*r5$4. 

<138> -^M]ofl 5 

<139> Bi(MMP) 3 ^ ECH -g-^(0.4 mol/L) 25ml, Ti(MMP) 4 £] ECH -§-^(0.4 mol/L) 25 ml, 

TEOS* 4.4ml» ECH -M iflofl Bi(MMP) 3 ,Ti(MMP) 4 , TE0S-& 0.05mol/L , 

0.05mol/L, O.lmol/L 91 Bi-Ti-Si-0 ^ H-S-g- $«l*r^i=r. 

<wo> a>7] = 3?H £tH-§- 7]3J-7]<*|| DLI (Direct Liquic Injection) «o v ^^-S 230°CS. 

^x)s)JL Safe 7lS^7H *#*rji, #sflX| ^(flash evaporation)^ ^, ^-§-71 S. 
°1^*H 400°C -fr*)^ Ru/SiG 2 /Si 7l^ofl ^7 r ## ^Sj-SH Bi-Ti-Si-0 

^■§- ^*>S^. 

<141> S.B\?]*\ ^"tl" ^1^1, Bi(MMP) 3 ^ ECH -g-<^ ^5L7\ 0.05 mol/L, Ti(MMP) 3 £) 

ECH -g-<^ ^-E7 r 0.05 mol/L, TEOS^ ECH -g-<^ ^JE7 r 0.10 mol/L?! afl^sKn. 
^, <a*H 14 -S-^^ 4er ^1*H Bi-Ti-Si-0 ^-g- SH*rS34. 

<142> -^ Al^j 6 

<143> Bi(MMP) 3 ^ ECH -8-^(0.4 mol/L) 35ml, Ti(MMP) 4 ^ ECH -8-^(0.4 mol/L) 25 ml, 

TEOS# 3.6ml* £^-«H ECH -g-*fl iJH Bi(MMP) 3 ,Ti(MMP) 4 , TE0S1- A 7 J 0.05mol/L , 
0.07mol/L, 0.08mol/L 91 Bi-Ti-Si-0 ^ ^^-§- S^tH ^«1^>^4. 

<144> a>71 ^^-#-g; 7l5|-7Hl DLI (Direct Liquic Injection) «<H^S 230 P CS. 

-fr^sJJZ 91^: 71^-71^1 ^-g^ol, #EflAl flash evaporation)^ J£ f *V-g-7lS 
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°1**H 400°C Ru/Si0 2 /Si 7l#^Hl 3UH§^ Bi-Ti-Si-0 ^ 

<145> StL)^ ^# *flS*l, Bi(MMP) 3 ^ ECH -g-°-^ ^-£7} 0.05 mol/L, Ti(MMP) 3 ^ 

ECH -g-<^ -^£71- 0.07 mol/L, TEOS^ ECH -g-°-^ -^£7} 0.08 mol/L^l ^l^^Jl 

tt, 1^- H o v ^°fl ^ ^a]§>^ Bi-Ti-Si-0 

<146> ^7) s£X\q) 4-Q6\) 4^. Bi-Ti-Si-0 Bi ^-gr ICP-AES1- 3*3= 

&*4Sr ^^Jl, zi S. 3^1- ^4. 5. 3°1H Bi-Ti-Si-0(Bi rich)fe 4 

<« Bi-Ti-Si-0(Ti rich)^ 5^ tflfl- 3H:a, 

Bi-Ti-Si-0(Bi:Ti=l:l)^r 6<=Hl tfltb 

<i47> £ 3# %S*>^, Bi-Ti-Si-0 Bi^l 60% €^ll*Hr 5Jil- ^ 

^IS^-Ei Bi-Ti-Si-0 ^Hflofl Bi^l ^t^l Ti°fl t>l*H #^3-2.-3. ^4^r 

3* t =r 5^31, 7m ^5L7> 400°C o}*>oi Bi 2 0 3 ^^s. 0}$. nfl^- 

<U8> # 7 ) ^X\d\) e<t] 4ef Bi-Ti-Si-0 ^-t- SIMS* °l-g-SH W 3M ^ 

6.3. 2:^ ^r#*>^JL, =L ^^Hr £ 4^ £t}. 

<149> £ 41- ^-2:^, Bi-Ti-Si-0 ^H^) Si7> £<asq<H 3* J?-^ ^ SlSi 

<150> ^Alofl 7. t^aIE^ afl^ofl 

<i5i> 71^0.^, Pt(1000A)/Ti(100A)/Si0 2 (2000A)/Si 7l^ A>-g-*>ji ( £. 

^2:^1, Bi(MMP) 3 ^ ECH -8-d|fiJ ^£7> 0.04 mol/L, Ti(MMP) 3 2] ECH -g-^S] ^£7} 
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0.08 mol/L, TEOS^ ECH -££7} 0.08 mol/L^Jl, 7]^7l^ £51^ 230t:S. 

H, 7]^H^ ^ 400°C<a f^-fe ^^]*>31 ^*Hs 0 2 £-^7l*MM 600°C«fl 

^ Bi-Ti-Si-0 ^q-i- ^^34. 
<152> # 7 ] yofl ccj-e}- ^)]3b€ ^^A]E]oil &oH, ^^M^r 600°C°)H "I^Bltr 

21 Bi-Ti-Si-0 ^(^fl: 300A)^<H1 ^s}-!- XRD1- °l-§-*M ^r^^^ZL, 

-£ 5^1 u>sf ^-cf. £ 5«lH (a)fe (b)^ 1*1 

^-Bfll- q-Efvfl ^o!4. 

<153> £. 51- ^-ss^, <£x\?)-&}7} ol^oflc 2 theta 27 degree ^ y <HH *S. 

^ sr]a7}- «£]^J1, ^^^MItt ★ si H7> u| go] £ 
o>u)e)- <I^e)*l 27 degree^ s}3 #£7} #Jl 30 degree ^3.^ #E7> Qz] 

<i54> ^-7} ^Hafl 7 o]] 4^ Bi-Ti-Si-0 <I^s} # mVb]-^ ^ Aj-E]]S. 

SEM(Scanning Electron Microscope)^- °l-§-*H ^%*>^Jl, n ^^fe IE. 6-4 £t}. 5L 
6a^r ^ ^M4r 7}^ «tr ^Bfll- u^vfi ^ojji, £ 6b^r A]^ 

u>S ^#tr #*fl» ^vfl ?H4. 

<155> s. #2:^, ^11^- ^%tr *r*M f^^ft^ ^^fr ^ 

&&:n,AFM( Atomic Force Microscope)^. fi.'S ^-E(roughness)# ^4 RMS(root 

mean square) it AS 6. 6 A ^£3. ^ M-H^^cf . 
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<156> #7] 7 ofl TT}-S}- ^1^=1 Bi-Ti-Si-0 ^71^ 2:AH>^ZL, ZL ^ 

<157> £ 70) ( a )^ ^-^-^ 3X^7^0] 4^0} WV^-^ ^ o. ^SJ-A]^^ Hfl 

-§: ^^-1- ^olc-fl ojnfl aj-s}-*- ^(700°C, 5*)^ ^^U, (b)^ 

^ 1*1eW700°C, 5^)^ ^-^^^ ufE]-^ 3}ojc} 

<158> £ 7a^r #2^, (Bi-Ti-Si-0 %^£r ^ ^^Ml ^ -fr^-§r°l 

£*Hr 3# 1- <r a*^] 2:^w]7V 4r£^ ^^0] 

<r aIa}^, -£ 7b# -fr#-§-8r 73<>]JL, o]^*.6\]^ 

o) 193^1^4. <^7HH ^l:(loss factor)^- 3% °)7M*\ ^ 

aflAlei^ -g-o] o.^ ^Aj^- nfl 7>sfl^fe AC ^l^ofl « ^^^^ £-SM 

<159> ^X\6\] 8. Tl^E^ ;*fl*Hl 

<160> Bi(MMP) 3 ^l ECH -§-^(0.4 mol/L) 22.5ml, Ti(MMP) 4 ^ ECH -g-^(0.4 mol/L) 37.5ml, 

TEOS* 3. 6ml* ^fsH ECH -§-^B vflofl Bi(MMP) 3 ,Ti(MMP) 4 , TE0S1- ^ 0.045mol/L , 
0.075mol/L, 0.08mol/L 91 Bi-Ti-Si-0 ^ ^^-§- $^#^r ^l^rOT. 

<iei> Aj-7] ^^-1-^: 7lS|-7H DLKDirect Liquic Injection) y o v ^^-S. 230*03. 

-a-Al£]i XI ^f- 7ls^7loll ^^Kn, #eJM ^(flash evaporation)^?! ^, ^-§-715. 
°1^*H 400 °C £r£5. ^lslfe Ru/Si0 2 /Si 7l^ 0 Mi ^a>#^- Bi-Ti-Si-0 ^ v 
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<162> # 7 ] 7l^-7l«^ DLI y o v ^^-S *#*K3I, #2fl-^l ^iH^ # 

■8-71S Ru fg#^ 7l##ofl -^ltr oil- 700°C^1 

*] 10£?1 1^*H Bi-Ti-Si-0 ^(^]: 350A)* ^^*>5I^. °W*I. #7l 
Bi-Ti-Si-0 ^ #^1 Ru #^hlr 7H*1^» ^^>$i4. 

<163> #71 7l3flAlE^ 7fl5]Al^> 1 # €=^*H T^}^, ZL £ 8<=Hl 

5^1*rOT. £ 8°Hfe win l^-M -ffsl-lrSM- ^1 M-^l-q- $£4. 
<i64> £ 8-i: #S*>^, #7l ^^Hl 8^1 4^ *)1^€ Bi-Ti-Si-0 ^r 1 ^ .-ff^^r 198S. 
4€r MCefl: SrTi0 3 : 100) #3 wlSSH -fr3M: 0 l ^fl-f 3L4^ 3 

<165> ^Alofl 9. 4|^-ofl 

<166> Bi(MMP) 3 Sl ECH -g-<2«(0.4 mol/L) 22.5ml, Ti(MMP) 4 ^ ECH -8-^(0.4 mol/L) 

37.5ml, TE0S1- 3.6ml» £t*-*H ECH -g-*fl Lflofl Bi(MMP) 3 ,Ti(MMP) 4 , TEOS* 44 
0.045mol/L, 0.075mol/L, 0.08mol/L 91 Bi-Ti-Si-0 W ^-g- Ss}tH ^«1 

<167> #7l HEl^H 7l5|-7Hl DLI (Direct Li qui c Injection) ^^.S. 230 °C3. 

-B-^lslJi 7lS)-7Hl ^tsVji, #E1H ^(flash evaporation)*!^ ^, *>-§-7l3. 

400 °C Ru/Si0 2 /Si 7l^#ofl Bi-Ti-Si-0 ^ v 

<168> #71 Bi-Ti-Si-0 ^ SelTlA-l £thl-§: 71S1-7H1 DLI y 0 v ^S ^■^■s}3., 

#Bfl^l ^, ^-§-713. °1^*H 400°C^a-1 Ru/Si0 2 /Si 7l^r#ofl ^Kg- 
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^1*}^. =1 #7] 600 10£# I^Sl* ^*1«H Bi-Ti-Si-0 ^t* 

sK^: 350 A)* $>8sHm. 

<169> Aj- 7 j Bi-Ti-Si-0 ^ Aj-JjLofl Ru ;g^§- t§^*V 4^. ; Ru o} A^-j. tfj- 7 l o^j-czj ^ 

^(35mtorr), 600°C^H 10£^<L> ^Al^^c}. o]^a^ ^g^ff-l- #:£*H7l 

400°C, ^7] ^7)*HH 30^-^J: l^el^H Tl^AlEil- ^s}^. 
<i70> ^-71 gofl 4^ Bi-Ti-Si-0 1*^31 m 

* °l-§-*H ^^gUi, n ^sf^ H 921- ^4. 

<171> £ 9a^ 400°C<>1H H>n1- Aj-Efl-g. uf-E}^ ^olJ7, (b)fe 600°C<>1H 

lO^^ ^ l*!^^: ^, 400'C^Ai -f-71 £^7l3HH w>nv Aj- 

<172> S. 9a* #2^, 400°C^1^ #av*> cfl o. ^ 

^91% 91913- , ^^.7} RMSSt^S ^ 4A ^£3. 4£r ^OT. zl^ji £ 9b 

# I^e^, RMS^AS. ^ 12 A 31 S3. ^ ^ M-Ef^cf. 

<173> Aj-7] A^c,)] 96J) H)-^- 7]3flA]E^ #7}^ ^A}^JL, ZL ^-ZRr -£ 10a~b 

<174> £ loafe ^ofl 4€- ^ ^41- M-^-Hfi ol§ #^1-13 , DRAM^ 

°J 10-7 A/cnf (@ di V )# ^ 5>>cHr 3* ^ saw. 

<175> S. 10b^ ^SV^^ ^A-^ Jfo] Tox o} £3.^. q.H}^ ^0_^ ; Oj-i- ^ 

Toxfe 20A^1^, °flfe 16G DRMHH iL^Tr 7 A3 J^-jb. 
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<176> ^"71 8*11 4^ *flS€ Bi-Ti-Si-0 -n-^^r-i: ^^^^4. 

<m> n ^3)-, ^gv^ofl^ Bi-Ti-Si-0 -&-^-§-°] 96o]Jl, ^^^MItt 

230AS M-Bf^cf. 

<178> £ ^3 al^H e]e}^- *33-a ^s}-!-^ -H^-l: J^-i- #3. , 

<179> Aj-^^j- tij^E E^Ef^- -^S)^ MVBVO. 0 ^^. ^ ^s. ^3|)X| E ^ 

E ^Xl^t- *±7]^ DRAM ^ ^ Ol^. 
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1] 

<5)-^ 1> 
Bi2(Ti2-xSi x ) O7-Y 

#7H#, xtt 0.8 tfl^l 1.3*9 y ^ _i iflj^l 1^ ^o]cf. 

1 2] 

<3}-*H4 1> 
Bi 2 (Ti2-xSi x ) O7-Y 

#7)*]^, x^r 0.8 xfl*] 1.3^ ^°lJL, y ^ -1 Lfl^l is] ^olcf. 
[3^* 3] 

5^0} 7 )^7)^\a\} °1« 7m S.^} #31; £ 

(bl) #7l 71 3ft 5.^ ^r^lTl ^}#^r f^l^lfe ^7^1* 5. 

w ^el§ A J^t ^l^ a o v ^. 
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<2f§}-^ 1> 
Bi 2(Ti2- x Si x ) O7-Y 

^Hf 1 , xfe 0.8 ifl*l 1.3^1 ^6\3L, y ^ -1 vfl^) 10] ^o]cf. 
4 J 

^13%H1 5fl°H, ^ (bl) ol^^, >y-7l 7j# g_#o\] 7>>i# 

4w *H^HL 
[3^* 5] 

^13%H1 5U°H, ^1 (bl) ^1 Ol^ofl, ^ii^Hr 3 5L^-*Hr « 

3 .2.3. Hl^^E-E]E}^--^^^ ^« 0 >rf . 

HJt 1 ^ 6] 

*\}5*M 9l°}*\, %7\ <1^^ ^7}]7> 500-800T: ^3HH, ^ £#7l , 1- 

7] 

^13%!- *fl6« ^ -sj-ofl ojo^, ^-71 ( a l) ^-711^ ali^S jr^T^, 

^ I£e}7H<2l ^f-#ol 3)3 °fl*fl ^(DLI) ^ofl 7 ] 
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8] 

uj- ol^-c) ^ fl o,l -g-^^H ^ ^ ^HJ *>fe ti]^E-B]^-^^^ ^# ej- 
^ *l)2:lHi. 

[^t 1 * 9] 

*l|3*8- vfl*] *i|6^ *M ^-7] (al) #7)12} &%7}7\, 

I^T 1 * 10] 

*fl3^ ^fl*l *fl6*J-# iH Sl<H^, -*7l (al) t&AQ ti l^fS S2l^A^ 

Bi(MMP) 3 {Tris(l-methoxy-2-methyl-2-propoxy)bismuth}, Bi (phen) 3 (^, phen£: 2fl^7l# 
43-^4), BiCl 3 s ol-^o^ ^q. oi^-oiji, 

^7} Ti =e|^A^ Ti(MMP) 4 {Tetrakis(l-methoxy-2-methyl-2- 
propoxyH itanium}, Ti0(tmhd) 2 (#, tmhd^ 2,2,6, 6-tflH. e}^^^ ^-3,5-^^.^0] e 
(2,2,6,6-tetramethylheptane-3,5-dionate)^r M-^-\E4) Ti(i-OPr) 2 (tmhd) 2 (^, i-OPr-b 
o)i^S^7]l- ^^4), Ti(dmpd)(tmhd) 2 (^:, dmpd^r tHM^N ^(dimethyl 
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pentanedioD-i- M-^vflcf), Ti(depd)(tmhd) 2 (#, depdxr ^Hl 3] <&^l-( diethyl 
pentanediol)* T1CI4S -tf^ «m °1#o1jL, 

#7] Si H&M^ EflEe|.ofl^o_s £ ^e| ? floiE( TE os), SiCl 4 S ^l^^l 

11] 

*113*J- tfl*| ^16^ <>^ *<fl SH*!, #7l (bl) ^7j]^ A];^-7f J^S t£ 

[^^J- 12] 

(a2) at-g-71 ^ -g^S ^>JE=fe ^1; ^ 

(b2) ^-7] Wl^S SLE]7H, BlEHr *L^?H ^ JEE^^S} ^^"1-^- 

S. *h^r 5}-*M IS. fi^l^M 4°1S#SS^ 5fe Oj^E E]Ef^- A>S)-1- «v 

<5^.igj.Al 1:> 

Bi 2(Ti2-xSi x ) 0 7 _y 

#7l^, xtt 0.8 1.3^ ^oIjt, y ^ -1 vfl^l 1^ ^014. 
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13] 

^]12%H] $X°1*\, #7] (b2) #31 o]^.6\] <^£| #7111- Cl S^Kr 
S 3}-^ IS. S^fe Hl^E-^^-^Sl^- AV^# ^lS^^. 

141 

^113%H1 5tM^, #7] ^^El #711 7> 500-800°C £r£ ^$HH, &3\7] , ■& 

7>^ ^71 SL^r M-SH^ ^HJ-°S *m S**H is s. 

15] 

*H12*J- xfl^l ^14*J- # *V %H1 &<H*1, ^-7] ( a 2) #711^ ^7]7\ ^ 

^, ^ 5E^r ^r^7Hl 2:^51^ ^ °.S ^ Sj-tK 1 IS. S^^r «li 

16] 

*1112%> vfl^l *IU4%1 <^ t!: 1H 91°]*}, #7} (b2) #711^1 al^S 
^e]^ ^sHi- ^-^l ^l^tij-^ . 

^12^- lfl*l ^)114%V ^ *V ^-ofl OI^A^ ^-71 (b2) #7lHH 
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18] 

*U2^ vfl^l *H14^ ^ <^ *M #?1 (b2) JEE]^ 

-Hfe- Bi(MMP) 3 {Tris(l-methoxy-2-methyl-2-propoxy)bismuth}, BKphen^C^, phen^r sfl 
^7l# M-Ej-^r}), BiCl 3 3- <>UMuI, 

#71 Ti Ti(MMP) 4 
{Tetrakis(l-methoxy-2-methyl-2-propoxy)titanium}, TiO(tmhd) 2 (^, tmhd^ 2,2,6,6-31 
eel-D(l^^^:-3 > 5-^^Lt)lolM(2,2 I 6 > 6-tetramethylheptane-3,5-dionate)^: M-Ej-vflcf) 
Ti(i-OPr) 2 (tmhd) 2 (^:, i-0Pr^ oli££i7lt *4eH14), Ti (dmpd)(tmhd) 2 (#, dmpd 
fe- t^lM^ ^(dimethyl pentanediol M-E^i}), Ti (depd)(tmhd) 2 (^, depdfe ^ 
oflig ^(diethyl pentanediol)^- ^W), TiCl 4 ^ ^S^-Ei 

srl-uf ol^olja, 

#71 Si HeM-M^ EflM5l-o111^.a.S^el?flolE(TE0S) ) SiCl 4 3. °1^-<H*! ^o_s_ 
^-Ei *>M- °l#<y 3# ^^.s Hl^s-EiEf^-^el^ ^# ^ 

[^T 1 "* 19] 
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# 7 ] £^ #J=Lofl tgA^ gj.^ 1S . ^ 

fSEj^^a <+3-#S O)^^ -j^^nV; £ ^V 7 ] -f^l^ #JjL6|| *g#£ #-Jf 

<3^«H 1> 

Bi 2(Ti 2 - x Si x ) 0 7 - Y 

^l^f 1 , x^r 0.8 i^l 1.3^ ^)JL, yfe -1 151 ^o!t4. 
l^*J- 20] 

#71 ii ^4 ^eflol ^ Aj-ojoll c^-g- ^ 7|^; 

#71 TflolH ^O^nV ^Jfofl TflolE ^o. Bog _0 S 75>^ # 

<3)-*H 1> 
Bi 2 (Ti2-xSi x )0 7 -y 

#71^1^, X ^ 0.8 vfl^l 1.3^1 ^ 0 li, y^r -1 ^fl*l 1^1 ^lc}. 
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21] 

^\ #7] ^ ^ tf-fofl 5}-«M 15- S.*}5\^ wj^E e]e}%- 

^2]# ^l-S ol^^O ^^nV; ^ # 7 j #J=L611 ^£ i^" 

= efl<?l >S-7l c efl o] ^ A }o)ofl <8^-i; # 

<gnl- ^6fl t]1o-|E ^^vg- if-^H £ J=€*1^E^ *>M" *fl-§- 

^-i: ^^-3 

<^^\ 1> 

Bi 2(Ti2- x Si x ) 0 7 - Y 

#7)^, 0.8 1.32) y ^ -1 vflx] 12] ^°]ch 

22] 

^121%H1 91°]^, & ±*\o) %-§r ^'iS i*}. 
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